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T h e  foregoing measurements are recorded in the order they 
were made. 

By extending the curves expressing the relation between 
specific.rotation and concentration, the following values are ob- 
tained for the specific rotation of pure canlphor : - 

At 0' [a]== 53.1 
20' [a],,= 54.8 
40' [a] = 56.4. 

Solvent - Nitrogeiz Peroxide (NsO,). - Liquid nitrogen 
peroxide dissolves camphor very readily. A solutioti containing 
40 percent camphor was prepared, but it does not transmit light 
sufficiently well even when cooled to o0 to make measurements 
possible in a tube I dcm long. Probably by further cooling, 
measurements may be obtained. 

Summary 

A comparison of the results obtained with the results pub- 
lished by former investigators shows that the regularities ob- 
served for the rotation of camphor when dissolved in organic 
solvents obtain for solutions in  inorganic solvents: ( I )  T h e  
specific rotation increases with the concentration ; (2) the rota- 
tion increases with rise of temperature ; ( 3 )  the values obtained 
for the specific rotation of pure camphor a t  20' confiriii the value 
55.4 ? 0.4 first assigned to i t  by Landolt ; (4) for solutions of 
the same concentration, the specific rotation follows the order of 
the molecular weights of the solvents,* increasing with increase 
of molecular weight. 

T h e  results obtained with the 59 percent solution of cani- 
phor in phosphorus trichloride, and the 77 percent in sulphur 
dioxide show that no abrupt change occurs in the rotation as the 
boiling-point of the solvent is passed. T h e  temperature coeffi- 
cient remains positive, but its value is less a t  the higher tem- 
peratures. 

On account of the different wave length of the light used the measui-e- 
ments with sulphur monochloride are not included in the above comparisons. 



Solvent t 

20° 
I Carbon bisulphide 

Sulphur dioxide 2 0  
Phosphorus trichloride 20 

40 I I  I t  

, I  I <  0 

Kahlenberg and Schlundt. Jour. Phys. Chem. 6, 450 (1902). 

Ea] D 
55.41 
55.64 
54.8 
56.4 
53.1 
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Vorlesungen iiber Naturphilosophie. Gehalten im Sornrner zgor an der 
Univevsitat Leipzig. By Wilhelin Oslwald. 15 x 23 cm ; pfi. x i v  f 457. 
Leipzig : Veit and Comp, r902. Price : paper, zr vtarks. - For some years 
Ostwald has advocated the view that the only known thing which persists, and 
at the same time underlies all phenomena, is energy. Energy, in other words, 
is the universal substance. 

Ostwald devoted the summer semester of 1901 to the delivery of a course 
of lectures on the system of philosophy that seems to him to be the outcome of 
this view, These lectures, revised for publication, are now issued in book form. 
They constitute what may perhaps be best described as an energistic view of 
existence. We shall attempt to give, as briefly as may be, some account of the 
contents of the work. 

The first, occupying 
about one-third of the book, is given up to a preliminary discussion of the de- 
velopment of elementary and complex concepts from experience. The second 
fills the remainder of the space, and is an exposition of the energistic philosophy. 

The introductory lecture contrasts the Natuvphilosophie of Schelling with 
the mechanistic-materialistic view which caused its downfall. The fundamen- 
tal idea of the nature philosophy was that thought and being are identical ; 
whence it was concluded*that the processes of the world can be excogitated. 
But this procedure proved ineffective ; and, on the other hand, the adherents 
of the opposing view actually advanced knowledge by calculation and experi- 
ment, and so won the day. specu- 
lative ’ provided a word that has remained a term of abuse to this day. Yet 
Ostwald resuscitates the name Nature Philosophy, to denote a philosophy at- 
tained through the study of nature. Ostwald acknowledges great indebtedness, 
in his philosophical thinking, to J.  R. Mayer and to Ernst Mach. And he em- 
phasizes that in the philosophy of the man of science absolute certainty has no 
place ; like physics, chemistry, and biology, philosophy is an ernpiric science. 

Since our philosophy must be tested by reference to experience, we are led 
to ask what we mean by experience. This is the subject of the second lecture, 
Experience must consist of processes in our consciousness. Its most essential 
feature is our capacity to construct a view of the future. This capacity is at- 
tained through comparison of past and present facts with one another, as in our 
anticipation of continual alternations of day and night. In  this comparison we 
are aided by the use of concepts-rules according to which we attend to cer- 
tain peculiarities of given phenomena. This idea of concepts is most interest- 
ingly discussed at length, and its bearing on formal logic is examined. 

The third lecture is on Language. In order to hold and to communicate a 
concept once formed, we associate with it some sign recognizable by the senses. 
Thus arise spoken and written languages, one appealing to the ear, the other to 
the eye. The written 

The matter is arranged in two fairly distinct parts. 

Their derision of the nature philosophy as 

Nathematical and chemical symbols are included here. 
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language serves to preserve records. I t  might seem that examination of words 
would yield the essence and laws of concepts. Aristotle proceeded in this way. 
Slavish imitation of this method gave rise to the Scholasticism of the Middle 
Ages. The scholastic error lay in overlooking the fact that both concepts and 
words continaally change. Yet an artificial international language might be 
devised, through the establishment of clearly defined concepts, like those of an 
hour and a meter. The significance of the parts of speech in Teutonic lan- 
guages is examined. In  particular, it  is remarked that the possibility of mak- 
ing any word a noun by prefixing an article leads to subconsciously ascribing 
reality to such formations ; and that, since adjectives serve to add or subtract 
concept-elements to or from a concept, a somewhat free disposition of qualities 
in this way has led to the idea that properties are removable from bearers of 
properties. 

We have noted that the 
results of the formation of concepts are but vaguely and incompletely crystal- 
lized in words. So the examination of words has but little value in the study 
of the formation of concepts. Another path lies in examination of the charac- 
ter and origin of concepts. Concepts, as for example that of ‘man,’ are 
usually complex. By analysis of them we reach concept-elements, which have 
an obvious analogy to the chemical elements. In  chemical analysis one starts 
from pure substances ’ -a  railroad train would not be subjected to chemical 
analysis. Those are supplied 
by the sciences. 

Two things are concerned in the establishment of a concept : sense-inipres- 
sions, and certain operations of the mind. We might expect the analysis of 
both to lead to elementary concepts. Beginning with the sense-impressions, 
Ostwald distinguishes sight, hearing, skin, inner, and muscular sensations; and 
he subdivides skin-sensations into sensations of smell, taste, pressure, and tem- 
perature. As general result of the analysis of the sensations, it  appears that we 
have to do with a $ux of phenomena, and that the characterization of the ele- 
mentary character of sensations is variable - with extended practice we analyze 
more deeply. The other path toward concept-elements lies in study of the 
operations of the mind. By way of introduction hereto, Ostwald defines the 
‘ outer world ’ as the totality of the experiences that we can voluntarily call u p  
or dismiss ; or as the sum of the experiences in whose origin the sense-appara- 
tus participates. The distinction between the outer and the inner worlds, 
though arbitrary, is convenient. 

The search for concept-elements, through the study of the operations of the 
mind, is begun in the fifth lecture. The more elementary ’ a concept -as 
i thing ’ - the more individuals it embraces, and the fewer characteristics. 
(Overlapping concepts together designate what is common to both - Peter is 
here’) .  The concept-elements sought are to be found in the operation of the 
Formation of Concepts, which consists in : ( I )  grasping, (2) distinguishing, 
( 3 )  compounding, ( 4 )  comparing, (5) concluding -i. e., testing the concept 
by application to the future. The most general concept is ‘ thing ’ ; for it is ap- 
plicable to all our experiences. The second stepin our formation of concepts from 
experiences consists in arranging distinguishable things. The totality of any 

Both are fruitful sources of error. 
Sense Impressions is the title of the fourth lecture. 

In like manner we ninst analyze pure concepts. 
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arrangement is a I manifold ’. The laws of manifolds are represented by time 
and space ; for all our experiences stand to one another in chronological or 
spatial relationships, and in these only. Time is a continuous, simple, directed 
manifold u ithout multiple points ; space is a continuous, multiple, isotropic 
manifold. 

We see then that time and space, though always constituents of our think- 
ing, are composite : we have only approached our goal. Since both are niani- 
folds, the concept ‘ manifold ’ is more elementary than either. ‘ Manifold ’, on 
the other hand, stands next to ‘thing ’, the first concept won from the flow of 
experience ; for it is the result of assembling things. A discussion of manifolds 
occupies the sixth lecture. 

A manifold is an assemblage of things; the contents of a boy’s trousers 
pocket is a manifold. A manifold can be divided into poorer manifolds, whose 
sum is the original one. A manifold can be arranged, e. g., the letters of the 
alphabet. But it cannot always be arbitrarily arranged ; a series of experiences, 
for example, occur in a definite order. Indeed, all our experiences occur in 
time and space ; wherefore all real manifolds are continuous and ordered. 

I n  the formation of the concepts thing ’ and ‘ manifold ’, we have executed 
the necessary operations up to that of comparison. In comparing two manifolds 
we can establish a correspondence between each element of the one and an ele- 
ment of the other, - as between theatre seats and theatre tickets, or their hold- 
ers, or between concepts and the words that denote them. .4n ordered mani- 
fold of the simplest type is the series of positive whole numbers. Every un- 
arranged manifold can be made to correspond with this series. Two uses are 
made of it : those of the cardinal and of the ordinal numbers. Arranging suc- 
cessive manifolds to correspond to the successive members of a simple manifold, 
we obtain a twofold manifold of the simplest type. The process can be in- 
definitely extended, to yield multiple manifolds of higher orders. 

At this point in the investigatioii of the formation of concepts, through ex- 
amination of the relations which the experiences denoted by the thing-concept 
bear to one another, we have arrived at the concepts of manifold, correspond- 
ence, and number ; and we are now engaged in the study of the Comparison of 
Things, which is the subject of the seventh lecture, on Magnitudes. 

we set two things equal when, in any 
definite operation, each can replace the other.” Thus two manifolds are equal 
when they have the same number of members : and two pieces of marble are 
equal for the chemist, who considers their chemical reactions, and are not so for 
the physicist, who weighs them. Equality or inequality of things can be as- 
serted only with reference to definite operations. Furthermore, a determina- 
tion of equality, since it reduces to a determination of the equality of certain 
actions, has ever but a limited accuracy. Using ) to indicate greater than, 
higher than, stronger than, etc., it  may be asserted that every simple manifold, 
even if continuous (for continuous manifolds call be divided in any arbitrary 
way), can be arranged in a series so that from A ) B and B ) C follows A ) C, 
which is the general law of these manifolds. This is illustrated by thermom- 
etry, A straight line can be divided into equal parts, a continuous series 
of tones cannot. The former is typical of a manifold of “ quantities ’ I ,  the latter 

Ostwald begins with the definition, 
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of “ strengths ”. Quantities can be represented by cardinal numbers, strengths 
by ordinal numbers. Quantities are measured in terms of units ’ I .  A view 
of the argument to this point is afforded by the following tabular arrangement : 

Experiences 

/ / ‘\ 
/ \ 

/ 

. Undistii?guished Things 

\ 
// \\ 

experiences 

Unconnected Manifolds 
single things 

Free /// \\ Arranged \ 

/ /// \\ \ 
Discontinuous Continuous 

Ordinal numbers 

Cardinh numbers Quantities 

I I 
StrenThs 

Now that we have recognized the concepts of the manifold and its arrange- 
ment as the most general in which things - the individual constituents of our 
experience - can be included and used, we pass, in the eighth lecture, on Time, 
Space, and Substance, to  the application of these concepts. This yields the 
concepts of time and space. For the manifold presented by time and space 
together serves for the comprehension and arrangement of all our outer and 
inner experience -of all possible events. Under the assumption that spatial 
displacement sf solids does not alter their dimensions. it  appears that space is a 
‘ quantity ’, Time elements occur in a definite order ; so time is a strength ’. 
Yet we measure times. This apparent coiitradiction is resolved by the consid- 
eration that for phenomena assumed to be constantly periodic time is a quan- 
tity, otherwise it is a strength. Although we arrange all our experiences in 
space and time, yet in the peculiarities of things we distinguish different spaces 
and times. Such distinctions cannot lie in space and time, for they are uniform ; 
so other, narrower, manifolds must be sought in our experiences. 

Here, after 144 pages of preliminaries, we come to the considerations that 
give to the book its distinctive character. In  our experience of the outer world 
certain impressions continually recur. These seem therefore to have an exist- 
ence more permanent than that of the shifting accompanying elements. Hence 
has been concluded that a thing has a permanent part, its substance, and a vari- 
able part, its accidence. The question as to what renders possible the formation 
of the thing-concept may be resolved into the questions, what is the most gen- 
eral substance and what the most general accidence in the things of the outer 
world. Ostwald answers energy ’ to  both questions, since I ’  energy is that 
which is present in time and space, and is that which is distinguishable in 
time and space.” This answer is given merely as a form of words ; its meaning 
is to appear in the subsequent lectures. 
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The ‘ substance ’ of the present physics and chemistry is termed ‘ matter ’. 
No one satisfactorily defines it, and i t  fails to embrace important optic and 
electric phenomena. An ether ’ invented to fill this gap leads to insoluble con- 
tradictions. Summarizing, Ostwald maintains that the only known thing that 
persists, and a t  the same time underlies all phenomena, is energy ; wherefore it 
is the universal substance. Our knowledge of the outer world results from the 
action of energies upon the sense-organs, and i t  can all be presented in state- 
ments concerning energies. Energy is defined as work, or all that arises from 
work or can be converted into work ”. The purpose of the book is to con- 
struct ‘‘ an energistic view of the world ’ ) ,  in which the concept of matter is 
superseded by that of energy. 

A sketch of The Energistic View of the World constitutes the nintli lecture. 
The work absorbed in the deformation of an elastic body depends on the form 
of the body. Ostwald terms this ‘ I  form energy ”, and work of compression 
((volume energy ”. In  touch we experience the spatial relations of volume and 
form energies. Wherever form energy is present, weight and mass are also 
observed. In  a body a t  rest, equilibrium obtains between its form energy 
and Form energy and distance energy are always asso- 
ciated on the earth for the reason that a body without gravity would not he re- 
tained here. Bodies without form energy, if present, would be imperceptible. 
Ostwald holds that we have information only of spaces in which energies are 
associated. A body breaks when the form energy imposed upon i t  exceeds a 
definite amount per unit volume : every solid has a specific capacity for form 
energy. 

Breaking and tearing develop new surfaces; the work in excess of that 
stored as form energy is converted into a “ surface energy ”, on which capillary 
phenomena depend. I n  a falling body, distance energy is converted into 
“ motion energy ”. When equal amounts of work induce equal velocities in 
two bodies, the bodies have equal masses. “ The usual definition of mass as 
quantity of matter is pernicious nonsense.” For the measurement of energies, 
the units of time, length, and mass are fundamental. Inertia is viewed as a 
consequence of the conservation law, the motion energy being conserved in 
amount and character. The ‘ riddle of gravity ’ is merely the fact that a form 
of energy depends on the distances between bodies. 

The form energy of a solid changes greatly in small changes of form. 
Liquids have volume, surface, and distance energies, i. e.,  require work for 
compression, surface extension, and change of relative position. A melting 
solid assumes (usually) thermal energy, and loses its form energy. Aeriform 
bodies have no form energy, and their volume energy is always positive. 

I n  the tenth lecture, on Heat, Ostwald attacks the somewhat widely prev- 
alent view that all energy is mechanical, or even kinetic. A gas cools as i t  
expands. Ostwald says that the thermal energy of the gas is partly converted 
into work ; according to the mechanistic hypothesis invisible mechanical 
energy is converted into visible. The contention that the second view goes 
deeper in to the reality is incorrect. \Ve should aim to give hypothesis-free rep- 
resentations of the observed facts. ( ‘  The task of science is to represent the ob- 
served manifolds in such wise that only the actually observed elements of the 

distance energy ”. 
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phenomena appear in the representation.” This excludes mechanical analo- 
gies, and admits only the general means of representation of manifolds- num- 
bers and algebraic expressions. Ostwald here presents a very sound and read- 
able sketch of the attitudes assumed by Mayer, Joule, and Helmholtz toward the 
principle of the conservation of energy ; and of the parts played by Mayer and 
Joule in the deterniination of the mechanical equivalent of heat. He concludes 
with the statement that, since things are equal in so far as they can replace one 
another, equal quantities of different energies are equal only in the one respect 
that they can be converted into equal quantities of some other energy form. 

Electric energy, and the 
allied magnetic energy, are distinguished from the others considered by the  
circumstance that we have no senses for the immediate recognition of their ac- 
tion, we recognize them chiefly by their transformation into either mechanical 
or radiant energy. Their great technical significance rests on the readiness 
with which they can be conducted to  places of application, and withwhich they 
can be converted into other forms, as work, heat, light, and chemical energy. 
‘ Chemical energy ’ is liberated or absorbed in the transformationsof substances. 
Its most important properties are its permanence and its high concentrations, 
as in coal and food stuffs. The great technical problem of the future is the 
immediate production of mechanical energy from chemical energy. Direct 
measurement of chemical energy is impossible ; for the purpose of measure- 
ment i t  is usually transformed into heat. While form, volume, motion, and 
cheniical energies always occur together, and together form ‘ matter ’, thermal 
and electric energies are separable from the others. ‘ Radiant energy ’ is yet 
more independent of matter. It need not involve the assumption of a carrying 
e‘ther ; for it may be regarded simply as a periodic transformation of electric 
and  magnetic energies in space. The radiant energy from the sun is the chief 
source of the ‘ free energy ’ whose transformations constitute terrestrial phe- 
nomena. This current of radiant energy maintains terrestrial activity much as 
a mill stream maintains the action of a mill. Summarizing the energistic 
view of the world, Ostwald says : ‘( Everything that occurs in  the outer world 
is exhaustively characterized by assigning in kind and amount the energies that 
are displaced and transformed. Even the physiological operations, including 
sense-impressions and thought, are to be viewed in this way. I ‘  An especially 
important result is the resolution of matter into a spatially arranged complex of 
certain energies.” 

The conservation law, the first law of energetics’, does not answer the ques- 
tion, “What  assumptions must be satisfied in orderthat a transformationof energy 
shall occur ? ” This question is attacked in  the twelfth lecture, on The Second 
Law or the Law of Events. I t  was first investigated in mechanics. In me- 
chanical systems spontaneous changes lead to states of equilibrium. The energy 
thereby lost is of necessity converted into motion energy, which leads to 
periodic changes resulting in heat-development and consequent cessation of 
motion. That  all things do not come to permanent rest is due to the activity of 
the sun  as a disturber of the peace. 

An event may involve changes of motion, changes of temperature, chemical 
changes, radiation, etc. Thermal, electric, or mechanical equilibrium subsists 

The eleveiith lecture treats The Other Energies. 
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in spaces of uniform temperature, electric tension, or pressure, respectively. 
These things are the “intensity-factors ” of the energies in question. Con- 
versely, in order that processes shall occur, there must exist differences of in- 
tensity of energies present (Helm).  Intensities are ‘ strengths ’, not ‘quanti- 
ties ’. From the theorem that when t,vo intensities are equal to a third they 
are equal to each other, it follows that a store of energy of uniform intensity is 
inconvertible, that a ‘ perpetual motion of the second kind ’ is impossible. 
This is the ‘ second law of energetics ’. Most non-thermal forms of energy are 
readily interconvertible ; but all easily pass into heat, whereupon uniformity of 
temperature is established by heat conduction. For this reason, terrestrial 
processes proceed in a direction of decreasing free energy ’. 

I n  order that different energies may hold one another in equilibrium, they 
must be so connected that a change of one involves a change‘of the other. 
Energies can appear as spatially distinguished phenomena only when such con- 
nections yield a composite equilibrium in which intensity differences of one 
form compensate those of another. “ For anything to occur, uncompensated 
differences of intensity must arise.” What occurs is a change% which the un- 
compensated intensity decreases. The intensities of distance, form, and vol- 
ume energies are conipensated readily, that of electric energy with difficulty, and 
that of thermal energy not at all. Every energy equalization requires time. An 
equalization cannot, therefore, be complete ; the  world consists of instable sys- 
tems In a change in time we may observe : a continual slowing up, as in heat 
conduction ; an increasing rate followed by a decreasing one, as in a conflagra- 
tion ; an increasing rate followed by a steady one and then a decreasing one, as 
in the burning of a candle ; or an alternation of increasing and decreasing 
rates, as in the action of an autoregulated steatn engine. There are two sources 
of the time concept, a mechanical one, -motion, -and the dissipation phe- 
nomena. 

A substance is something 
that persists during changes. Mass, energy, quantity of electricity, the chemi- 
cal elements, centers of gravity, are conserved, and so are substances. I n  the 
search for the most general substance, the most general concepts of natural 
science, time, space, and energy, are examined. Time is deduced from the 
phenomena of change ; so we cannot directly speak of its conservation. That 
space is conserved has a meaning only under the assumption that solids main- 
tain their size and form on displacement ‘ ‘  The comprehensive significance 
of energy for the conception of natural phenomena as a whole justifies us, in 
view of the law of its conservation, in regarding i t  as the most essential sub- 
stance.” 

The’other substances mentioned are the capacity factors ’ ’  of energies. 
The energies are the products of the capacity and intensity factors, These 
capacity factors are ‘ quantities ’, not ‘ strengths ’. I n  isolated systenis all the 
capacity factors except the entropy remain constant ; the entropy increases 
because of heat conduction. Possibly the other capacity factors vary as well. 
The intensity of chemical energy about coincides with ‘ chemical affinity ’ ; and 
the conservation of the corresponding capacities appears in the conservation of 
the elements. In  those assemblages of energies that we term matter, equal 

The thirteenth lecture considers Substances. 
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chemical capacrties of different substances are associated with simple rational 
multiples of other capacities. This appears in the equality of the molecular 
volumes of gases, and in Faraday's law of electrolysis. 

Ostwald holds that the differences between energies, and between their fac- 
tors, lies in the fact that n o  two of these magnitudes are manifolds of the same 
kind. Tabulation of all possible kinds of intensity manifolds and of capacity 
manifolds, and formation from the table of all combinations of an intensity with 
a capacity, should yield all possible energies. Unknown energies could then be 
foreseen, as unknown chemical elements were foreseen by Mendelejeff. Ostwald 
adds that his struggles with this problem have indicated that the number of 
possible energies considerably exceeds the number of those known. 

Hume saw 
in this law only the chronological connection of 'occurrences. But the effect 
would not follow if the cause were absent : the law asserts a relation further 
than sequence in time. Such relations are found only in energistic relation- 
ships. From the idea that  the effect must be equal to the cause, and mnst be 
completed when the cause ceases, Mayer regarded the law of causality asidenti- 
cal with the law of transformation and conservation of energy. I n  Ostwald's 
formulation : " Nothing occurs without equivalent transformation of one or 
more etiergy forms into others." When and how anything occurs is deter- 
mined by the second law of energetics; so both laws together state the content 
of the law of causality. 

I t  can be varied by 
varying the resistances, catalyzers, etc. Such causes ' Ostwald ternis the 
chronological ' conditions ' of the occurrences. Similar spatial conditions can 
be recognized. Causes of another class remove the compensations of existing 
differences of intensity, as does a spark in gunpowder. Terming these releas- 
ings ', the conclusion is reached that the law of causality " lies in the experience 
that a one-valued functional relation obtains between the causes, the conditions, 
arid the releasings of a system on the one hand, and the course of its phenomena 
on the other. 

The remaining lectures are on : Life ; Purposes and Means of Living Or- 
ganisms ; Sensitiveness and Memory ; The Spiritual Life ; Consciousness ; The 
Will ; The Beautiful and the Good. I n  brief abstract their contents are some- 
what as follows : 

Through a living being passes a current of energy by which i t  is main- 
tained in a steady state. An energistic description of the processes of life would 
furnish all the knowledge of life that can be asked for. This is the answer to 
those who maintain that vital phenomena are inexplicable. The organism is 
essentially a complex of chemical energies, which it converts into other forms. 
The velocities of its chemical reactions are regulated by its temperature, the 
concentrations of its fluids, and by catalysis. As disturbances accumulate, the 
dissipative actions outweigh the accumulative ones, and the organism goes out 
of commission. 

It is not impossible that inorganic processes may exhibit " a typical resem- 
blance to the adaptive behavior of organisms. " And as spontaneous production 
of crystals of Glauber's salt occurs a t  the limit of metastability of their solu- 

The Law of Causality is the subject of the fourteenth lecture. 

Yet the time-rate of a process remains undetermined. 

Extensive scholia follow. 
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tions, so may it be that organisms are produced a t  the limit of metastability, 
with respect to organic life, of nourishing solutions. 

Thus i t  is 
that we are not sensitive to the intensity of every form of energy. Touch and 
hearing are related to volume energy, sight to radiant energy, the temperature 
sense to heat, taste and smell to chemical energy, -though in but slightly de- 
veloped degree, - while no sense reacts upon the intensities of electric and 
magnetic energies. The action of nerves is ascribed to the transfortiiations of 
a ‘ nerve energy ’. .4 “ chemical theory of memory ’ )  is suggested. 

Inquiry into the relation between mind and matter is formulated in the ques- 
tion, how are the intellectual phenomena related to the energy concept ? Ostwald 
suggests the assumptioii of an intellectual energy, identical with nerve energy, 
which is transformed into heat. H e  holds that i t  may prove possible to put this 
view to a direct test. Sensation, thought, and action are discussed from this 
standpoint. It is proposed to regard coiisciousness as a property of the ‘ intel- 
lectual energy ’. ‘ ‘ I t  seems to me no more difficult to think that energy of the 
central nerve system involves consciousness than that kinetic energy involves 
motion.” The will is regarded as a discharge of energy, presumably from a 
chemical source, 

The problems of science and the problems of ar t  reduce, alike, to the com- 
prehension of the infinite manifold of phenomena through the formation of 
suitable concepts. Tangible concepts are formed by art, concepts in thought 
by science. 

Our senses have developed to correspond to our practical needs. 

Some idea of the argument embodied in Ostwald’s book should beapparent 
from the above abstract. But the abstract conveys no impression of the marked 
literary quality of the work, which appears in the mental alertness that the au- 
thor continually exhibits, and the remarkable fluency with which he handles 
the German language. Yet this fluency does not mislead him into becoming 
diffuse ; his writing is a steady flow of systematic exposition. The details, fur- 
ther, of each successive topic are worked LIP in ingenious and well-rounded 
fashion ; and the points made are frequently illuminated by striking and unex- 
pected illustrations in which often appears a play of humor and delicate fancy 
delightful in itself and exceedingly effective for its purpose. This is especially 
a;?parent in the severe chapter on experience. 

But what must one say of the actual content of the book, irrespective of its 
form ? The view advanced is purely metaphysical, a hypostasizingof the energy 
of the world. This speculation is unquestionably interesting, but is not new. 
I n  an essay of great impressiveness and wonderful literary beauty (The Idea of 
God, Ailaniic Monthly, 56, 642, 791 (1885) ; also in book form, Boston), John 
Fiske develops the idea that the ‘ energy ’ of the physicist is the one reality, the 
animating principle of the universe, the eternal source of phenomena. He 
contends that this conception is no metaphysical abstraction ; and that, follow- 
ing the definition of God as that power, not ourselves, that makes forrighteous- 
ness (through the development of high psychical life), i t  is tobe identified with 
the ilthanasian Indwelling Deity. apar t  from this formal theological interpre- 
tation, it is hard to see that Ostwald’s view differs in any essential way from 
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Fiske’s. Both regard energy as something that persists arid at the same time 
underlies all phenomena. But before allowing ourselves to be carried away by the 
enthusiasm of the protagonists of this metaphysical view, let us turn to the fol- 
lowing sensible remark by Mach (in his famous lecture in 1872 on the energy 
law) on the tendency to regard energy as a substance. 

“ The law of causality presupposes a dependence between the natural phe- 
nomena a ,  P, 7, . . . I t  is the task of the investigator to find the form of this 
dependence. In  what manner, now, these dependence-equations are written 
cannot be essential. One will grant that i t  niakes no especial difference, in 
which of the three forms, 

f i ( a ,  P,  Y ,  * * * ) = 0 

a=-&@, 7, 8, e . .  ) 
-&(a, P, y, . . . ) = const. 

an equation is written, and that the last of these forms contains no especially 
higher wisdom than in either of the others. 

I ‘  But the law of the conservation of energy is distinguished from other laws 
of nature solely by this form. . . . However beautiful, simple, and viewable 
many things appear in the form of the principle of the conservation of energy, 
I cannot grow enthusiastic over the mysticism that is often connected with it.’’ 

In  fact, metaphysics aside, the modest aim of the man of science is to ob- 
tain in simple form a description of the observed relationships between measur- 
able quantities of physical phenomena, What is really wanted at  present is a 
philosophical study of the genesis of the ideas of work, the work-equivalents of 
physical changes, and energy ; a study of the development of the formulation 
of the functional relations between allied physical variables. Inductive reason- 
ing will then furnish the justification for the use of any auxiliary quantities 
employed, or a quantity of entropy or store of energy ; and metaphysical spec- 
ulation concerning them will be regarded as an entirely extraneous affair. 
Something ha$ been done in the direction indicated, most notably by Mach, but 
not yet enough ; the general aspects of the matter are as yet but imperfectly un- 
derstood. The problem is more a logical one than an experimental one ; i t  is 
not that we do not know enough facts, the vagueness lies in our imperfect com- 
bination of them in a general scheme. This difficult task Ostwald has not 
attacked, save in so far as his admirable initial analysis lays a foundation for it. 
An adequate investigation, building up  the theory in a step-by-step fashion, 
would doubtless show the energy theory to be a more complex affair than Ost- 
wald assumes it to be. But one would avoid the objections to be made to Ost- 
wald’s off-hand definition of energy in general, to ‘ volume energy’ as a product 
of two factors, and the like ; and clearness in regard to the foundation of the 
mathematical treatment of physics and chemistry would be attained. 

energies ’, 
in the order in which he introduces them. 
I .  Form energy 5. Motion energy. 9. Chemical energy 
2. Volume energy 6. Thermal energy IO. Radiant energy 
3. Distance energy 7. Electric energy 11. Nerve energy 
4. Surface energy 8. Magnetic energy 12. Intellectual energy 

As a matter of curiosity, I have assembled Ostwald’s swarm of 
They are : 
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Apart from the pulpy paper on which i t  is printed, the mechanical execu- 
tion of the book is good. It is printed in a generous, widely-leaded page, from 
a new font of a compressed heavy-face type of large size and of a curious cut. The  
tail-pieces, which occasiotially reduce to a mere wiggly line, are a disfigure- 
ment. An analytical table of 
contents serves the purpose of the missing index. The work is dedicated to 
Ernst Mach. J.  E.  Trevor 

. 
But few typographical errors are noticeable. 

The General Principles of Physical Science. An Introduction to the Study 
of the General Pri?zcipZes of Chewiisfry. I5  X 23 cm ; 
pp. viiz + 172. New York : Henry Halt and Company, 1902. -The purpose 
of the book is to present the general concepts and laws of physics arid chemis- 
try which lie a t  the basis of the modern science of theoretical chemistry. The 
arrangement of the subject.matter is as follows : the object of science; the 
methods of science ; the subdivisions of science ; the fundamental concepts ; 
space and time ; the concepts of matter and energy ; matter, its quantitative 
measurements, and the law of its conservation ; the states of aggregation and 
other physical states of matter ; chemical substances and mixtures ; elementary 
and compound substances ; law of the couservation of the elements ; the law of 
definite proportions; the law of multiple proportions ; the law of combining 
weights ; determination of the combining weights ; numertcal values of the 
combining weights ; elementary composition as a means of distinguishing 
chemical substances from mixtures ; chemical formulas and chemical equations; 
definition of equivalent weights ; general significance of the properties of 
gases; relation between the pressure and volunie of gases ; relation between the 
pressure-volume product and temperature ; relation between the pressure-vol- 
time product and combining weight ; general expression of the pressure-volume 
relations of gases ; the forms of energy and other classes of energy manifesta- 
tions ; the quantitative measurement of energy ; the law of the conservation of 
energy, the factors of energy in general ; the factors of kinetic and gravitation 
energies ; the  factors of surface, volume, and elastic energies ; electricity and 
magnetism ; the factors of electrical energy ; Faraday's law of electrolytic con- 
duction ; heat energy; chemical energy; radiant energy ; the internal energy 
of gases ; the second law of energetics ; application of the secoiid law to 
changes taking place at a constant temperature ; application of the second law 
to changes taking place at different temperatures, 

The general plaii of the book is excellent and the details are fairly uel l  
worked out, with one striking exception. By introducing atomic or combining 
weights before molecular weights, the author has coniplicated the subject and 
has made his treatment unnecessarily arbitrary. For a systeniatic presentation 
one should begin with the volume relations between reactinggases. This gives 
the conception of molecular weights. TVeight relations are then substituted 
for volume relations as being more exact. Next comes the choice of the unit. 
The introduction of the atomic or combining weight is made to avoid the diffi- 
culties due to hydrochloric acid, water vapor, etc. There are a few minor slips. 
It is a pity to class amorphous substances with the solids, p. 24. i f  one is to 
use the law of Dulong and Petit as showing that the elements are of the same 

By Arthw A. Noyes 
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degree of complexity, p. 35, one should be logical and classify carbon, for in- 
stance, as a probable compound, 

On the other hand, the discussion of hypotheses and theories on page S is 
one that we should all read at least once a year and ponder over. There is not 
a sentence in i t  at which any one will cavil in the abstract, but the application 
is always to our friends and not to ourselves. “ It is highly important that the 
student of science should constantly keep in mind the radical distinction be. 
tween facts and laws on the one hand, and hypotheses and theoretical principles 
on the other ; for the history of science and education proves that there is a 
great tendency to attribute to the latter an undue importance, so that a theory, 
especially one which has already proved of great scientific value, tnay come to 
be a hindrance to increase of knowledge and to further progress of the science, 
by causing facts inconsistent with the theory, or not comprehended by it, to be 
ignored, thus giving to the science a one-sided development.” 

The strong points of the book are the uniforniity of treatment and the con- 
ceptioii of the subject as a whole. The weak points are to  he found in the 
treatment of some of the chapters. The volume will therefore be valuable to 
the student who has already been over the ground, rather than to the elemen- 
tary student. The style could have been improved by shortening the sen- 
tences and placing the adverbs differently. 

Elektro-Metallurgie. Die Gewinnung der Metalle unter Vermittlung des 
efektrischen Stromes. 
beitete Au$age. Rrsle Abtheilung. 26 X 23 cm; pp. iv + 289. Leipzig: S. 
Hirzel, i902 P k e  : paper, 9 marks -The first section of the third edition 
contains the chapters on magnesium, lithium, sodium, potassium, calcium, 
strontium, barium, beryllium, aluminum, cerium, lanthanum, praseodymium, 
neodymium, copper, nickel. The work of Fischer 
on the electrolysis of fused sodium chloride and that of Stockem on the prepa- 
ration of calcium, strontium, and the cerium metals was carried out in the 
Aschen laboratory. Darling’s process for the electrolysis of fused sodium ni- 
trate is given and there is also a discussion of the Bradley patents for aluminum. 
It is recognized at last that the Castner process for making metallic sodium is a 
commercial success and that aluminum is made by the process of Hall and 
Heroult. There are some very interesting paragraphs on the use of chloride in 
copper refining and there are details in regard to some of the American plants. 

On the other hand there are no analyses of electrolytic copper; the infor- 
mation in regard to the Hayden system is ten years old ; pages are wasted on 
the early Hall patents while little or nothing is said of the modern practice. 
There is an unnecessary polemic against Muthmann, the Borchers air cell re- 
ceives its usual extended notice, and there is a painful want of proportion. The 
Castner sodium process gets half a page, and the Hall aluminurn process practi- 
cally only a cut. The  Heroult process fares a little better; but the Hayden pro- 
cess for copper refining receives half a page, no more than is given to the other 
patents for a series system. The remainder of the two hundred and eighty 
pages is devoted to the multiple system of copper refining and to descriptions 
of processes which are commercial failures. 

Wilder D. Bancvoft 

By W. Rorclzevs. Dritte vermeltrte und vol!ig umg-ear- ‘ 

There is much that is new. 

Wilder D. Bancvoft. 
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Jahrbuch der Elektrochemie. Berichte u6er die Fovtschritte des Jahres 
2901. Herausgegeben von Heinrich Danneel. VZZZ. Jahrgang. 16 X 24 
cm; pp. viii $- 725. Pj,ice : bound, 24 marks.  
-This year the volume is edited by Daiineel, Nernst and Borchers having re- 
tired. The new editor shows no less skill than his predecessors and the new 
volume is a fitting continuation of the admirable series. I t  may even be said 
that there is a greater uniformity of plan under the single editors than under 
the dual control. There are 372 pages devoted to pure electrochemistry and 326  
to the applied science. A chapter on radiant energy and the behavior of gases 
is new, as is also a chapter on the treatment of metallic surfaces. I t  is interest- 
ing to notice that the attitude toward Kahlenberg’s experinients is that of a 
frank adniission that the results are entirely unexpected, tempered by the hope 
that these results will some day be interpreted in such a manner as to make 
them overwhelming arguments in favor of the electrolytic dissociation theory. 

The reviewer is somewhat skeptical as to the Siemens-Halske electrolytic 
process for gold being in full swing in South Africa. The reports that reach 
this country are to the effect that the Siemens-Halske people or their licensees 
have bought the Andreoli patents and are working under them. 

Halle: Wtlhelm Knapp, 1902. 

Wilder D. Bancvoft. 
Vorlesungen uber hydrodynamische Fernkrafte nach C. A. Bjerknes’ The- 

orie. By V. Hjerknes. Bund ZZ. 16 X 25 cm.; pp.  x v i  +313. Leipzig : 
Johann Ambrosius Bar@ 1902. Price: paper, I O ;  bound, 11.50 marks. -The 
second volume of the lifework of the Bjerknes, father and son, on hydrody- 
namic forces or action at a distance, is of a character quite different from the 
first volume. While the latter worked out the subtle dynaniical effect of pulsa- 
tion, oscillation, etc., in a homogeneous frictionless fluid, mathematically, often 
denianding very abstruse investigation, the present volume takes up the whole 
subject from an experimental point of view. To give the book coherence, how- 
ever, the experimental part is introduced by an elementary mathematical the- 
ory, sufficient to explain the nature and purpose of the experiments, while the 
remarkable analogy between the forces and torques hydrodynamically found 
and the electric and magnetic field, is prefaced by a brief but interesting treat- 
ment of these subjects. Bjerknes here follows Heaviside’s suggestion of ration- 
alizing the electrical units as a whole, by beginning fundamentally with an 
irrational unit of charge. In  other words, two unit charges (or  poles) repel 
each other with one dyne, if their distance apart is the radius of a sphere of unit 
area. The equations which result have an unfamiliar aspect, but they have 
been simplified in the manner so often discussed. 

The contents of the volume are within the reach of every one who has the 
usual elementary knowledge of mathematics, but they are none the less strik- 
ingly original. The degree of detailed similarity which exists between these 
hydrodynamic, electric, and magnetic fields is surprising ; and yet nobody to- 
day believes that this analogy is more than a coincidence. The ether is daily 
becoming more complex and further removed from the state of the so-called 
ideal fluid. The kinetic theory of gases 
which recently invaded chemistry is to-day becoming more obtrusive in its in- 
sistance upon the all-important pervasiveness of the corpuscle. The reviewer 

An ether model is a nightmare. 


